Abstract. Deregulation of locally secreted hormones, such as angiotensin II (Ang II) and relaxin 2 (RLN2), has been linked to a higher risk of select cancers or a poor prognosis in patients. In this study, for the first time a common effect of Ang II and RLN2 in relation to various aspects of prostate cancer development and metastasis are presented. Four independent colorimetric assays were used to analyze cell viability and proliferation. The changes of cell adhesion to extracellular matrix proteins and invasion/aggressiveness ability of prostate cancer cells (LNCaP, PC3) before and after peptides treatment, were also investigated. The findings suggest that the both investigated systems, have an impact on cell growth/division or spread, to some degree via overlapping signal transduction pathways. Intermediate or sometimes poorer results were achieved by using a combination of both hormones than when each was used individually. It seems that Ang II and RLN2 can play a significant role in increasing the aggressiveness of prostate tumors by up-regulating BIRC5 expression and MMP-2 and MMP-9 secretion. In addition, we speculate that Ang II and RLN2 are involved in the transition from the androgen-dependent to the androgen-independent phenotype via modulation of the expression of androgen receptors.
Introduction
It is common knowledge that not only steroid sex hormones are implicated in the development and progression of cancer of reproductive and non-reproductive tissues. Deregulation of certain peptide hormones, such as angiotensin and relaxin, has been linked to a higher risk of certain cancers or a poor prognosis in patients (1) (2) (3) . Changes in selected components of the renin-angiotensin system (RAS) and relaxin family peptide system have been observed in pathological states of the prostate, including the chronic inflammatory state, prostatic hyperplasia (BPH) or prostate cancer (PC). It has been shown that these peptides are able to modulate cell proliferation and apoptosis, invasion and spread of many types of cells. High expression of relaxin 2 and the relaxin receptor LGR7/RXFP1 as well as angiotensin II and angiotensin receptor type 1 (AT1) was observed in tumor tissue compared to normal prostate tissue. Studies suggest that both the expression of the LGR7/ RXFP1 and AT1 receptors can be new early markers of metastatic potential in primary tumors (4) (5) (6) (7) (8) .
Interactions between RAS and the relaxin family peptide system have been reported in organ fibrosis (9) , blood pressure, in the cardiovascular system (10, 11) , and osmoregulation, for the central nervous system (12, 13) but so far, never in the carcinogenesis of reproductive tissues. However, this study is the first to present the influence of the combined action of angiotensin II and relaxin 2 on various aspects of prostate cancer development and progression.
The effects of these peptide hormones, alone and in combination, were investigated on cell viability and proliferation in both two-dimensional (2D) and three-dimensional (3D) Geltrex™ cultures. The 3D culture system allows complex interactions to take place between normal cell-cell and cellextracellular matrices which are not possible under monolayer growth conditions (14) . Survival pathway analysis included the expression of the anti-apoptotic genes BCL2, survivin and pro-apoptotic BAX. Studies indicate that survivin (BIRC5), an inhibitor of apoptosis, mediates resistance to anti-androgen therapy in prostate cancer (15) . High levels of BIRC5 mRNA expression and decreased BAX to BCL2 ratio are predictors of poor prognosis in many cancer types. These results suggest that BIRC5 expression or the BCL2/BAX expression ratio may be a potential molecular marker for the progression and aggressiveness of prostate cancer (15) (16) (17) .
Adhesion plays an important role in both the migration and invasion of cancer cells (14) . Therefore, we examined the influence of the peptides on the ability of prostate cancer cells to proliferate without adhering to the substratum, as well as their ability to adhere to extracellular matrix (ECM) proteins. The potential relationship between angiotensin II and relaxin 2 regarding the secretion levels of metalloproteinases-2 and metalloproteinase-9 was also assessed. The action of matrix metalloproteinases (MMPs), enzymes which mediate the degradation of basement membrane proteins, was found to strictly correlate with the invasion and metastasis of various malignancies. significantly higher plasma levels of mmP-2 and MMP-9 were diagnosed in patients with metastatic prostate cancer than patients with organ-confined carcinomas and healthy controls (18) .
Materials and methods
Cell lines and 2D/3D culture conditions. LNCaP (American Type Culture Collection; CRL-1435), is a hormone-dependent line with high androgen receptor (AR) activity. The cells of the LNCaP line are characterised by relatively slow growth and low invasiveness. PC3 cells (American Type Culture Collection; CRL-1740) display high metastatic potential and low AR expression (19) . Cell lines were authenticated by shorttandem repeat (sTR) Dna profiling (lGc standards cell Line Authentication Service, Germany). The cells were grown in two-dimensional (2D) cell cultures or three-dimensional (3D) basement membrane cultures. The cells were seeded in plates or flasks (bD biosciences) and were maintained in Advanced RPMI-1640 supplemented with 5% fetal bovine serum (FBS), 2 mM L-glutamine, 1 mM sodium pyruvate and antibiotics. For 3D culture, plates were coated with Geltrex LDEV-FreeBasement Membrane Matrix, according to the manufactures instructions Gibco ® (Thermo Fisher scientific, Inc.). Moreover, the culture medium additionally contained 2% Geltrex. both cell lines were incubated at 37˚c, with 5% carbon dioxide. The cells were passaged at least twice after thawing from liquid nitrogen. For further experiments, cells passaged between 9 and 18 times were used.
Reagents.
Angiotensin II (H-1705) and relaxin 2 (H-6784) were obtained from bachem. The peptides were used at a final concentration of 10 -8 M for all experiments. This concentration was selected on the basis of earlier research work and trial experiments (6) . The medium, FBS and other culture supplements / reagents were purchased from Gibco (Thermo Fisher scientific, Inc.) unless otherwise specified.
Two-dimensional (2D) MTT and Alamar blue assay.
The cells were seeded in a 96-well flat bottom plate and were maintained overnight in complete medium at 37˚c and 5% co 2 . The cells were then incubated for 48 h with RLN2, Ang II alone or with a combination of both. Four hours prior to the end of the incubation period, 5 mg/ml mTT solution was diluted to a final concentration of 0.5 mg/ml and added to each well; this would clarify the difference in the concentrations. The formazan crystals formed by viable cells were dissolved in DMSO (100 µl) and measured using a microplate reader (BioTek ® ) at 570 nm. Alamar Blue ® (Molecular Probes ® , Thermo Fisher scientific, Inc.) was added to each well and was incubated for 1 h. During incubation, the color of Alamar blue changed from blue to red. Absorbance was monitored at 570 and 600 nm. The cell viability (%) was calculated relative to control cells cultured in complete growth medium without RLN2 and Ang II.
Three-dimensional (3D) WST-1 assay. LNCaP and PC3 cells were cultured in a 3D environment. Following a 5-day 3D culture, the medium was removed and fresh medium, along with peptide hormones (Ang II, RLN2 or Ang II + RLN2) were added to the cultures. After 48 h of incubation, wST-1 was added to each well and incubated for another 1-2 h. A colorimetric indicator changed color from red to yellow depending on the number and metabolic activity of live cells. The colored reduction product was quantified using a microplate reader (BioTek) at 450 nm. The effect of peptide hormones on cell viability was calculated as a percentage of the metabolic activity measured in the non-treated cells.
BrdUrd proliferation assay. Detailed procedures for the colorimetric BrdUrd proliferation assay (Roche Diagnostics; 11647229001) have been previously described (20) . The cells were seeded in a 96-well flat bottom plate and were maintained overnight in complete medium at 37˚c and 5% co 2 . Then cells were treated with indicated concentration of Ang II and/ or RLN2 for 48 h. Bromodeoxyuridine (BrdUrd) was added to the culture medium in the last 4 h of incubation. Absorbance was measured using a microplate reader (BioTek) at 450 nm. Cell proliferation (% of control) was calculated in relation to untreated controls.
Adhesion assay. Cells were seeded in a 6-well plate, with or without peptide hormones at a final concentration of 10 -8 M. The cells were then collected after 24 or 48 h of incubation time. The populations of cells that detached from the substrate were added at concentrations of 1x10 5 cells/well to ECM-coated wells in RPMI/FBS-free medium, using 24-well tissue culture plates coated with human plasma fibronectin, laminin, collagen I or IV (BD Biosciences). After 90 min incubation at 37˚c in a humidified atmosphere of 95% air -5% co 2 , the cells were gently washed with PBS to remove non-adherent cells. samples were fixed and stained with a 0.1% solution of crystal violet in 25% ethanol. Finally, cells were rinsed in water and solubilized by adding 10% acetic acid. The intensity of the violet color was measured by a microplate reader (BioTek) at 570 nm. The data are presented as percentage relative to the untreated control.
Transwell invasion assay. In a similar way to the adhesion assay, the cells were seeded in a 6-well plate, with or without peptide hormones, and collected after 24-48 h of incubation time by typsinization. The cell suspension and standard medium, or experimental medium with peptides, were mixed at a final concentration 1x10 6 cells/ml, and added to the upper chambers. The undersides of the filters were made of 8 µm pores which were coated with Matrigel (BD Biosciences). The lower chamber contained standard medium with 10% FBS. The cells were incubated for 48 h at 37˚c with 5% co 2 . After this time, the incubated non-invading cells that remained on the upper surface of the filter were mechanically removed. cells which migrated to the lower surface of the filter were fixed and stained with 1 mg/ml crystal violet solution prepared in 10% ethanol and then dissolved in 10% acetic acid. The cell invasion potential was quantified by measuring the absorbance at 570 nm (BioTek). The results are expressed as the percentage ratio over untreated, control cells.
Soft agar colony assay. The assay was performed in a 6-well plate coated with 0.9% agar in growth medium. Cells were prepared by trypsinization and suspended at a final concentration of 1x10 4 cells/ml of 0.3% agarose in complete medium. The cells were then plated on the top of the agar and maintained at 37˚c in a humidified incubator with 5% co 2 . Every 2-3 days, the cells were treated with another dose of the peptide hormones: Ang II, RLN2 or Ang II + RLN2. After 21 days, the colonies were stained with 0.05% crystal violet for at least 1 h. The results were recorded and documented by scanning the plates. The number of colonies in each well were counted using ImageJ, a free image processing program from wayne Rasband at the National Institutes of Health (http://imagej.nih.gov/ij).
Gelatin zymography assay. The matrix metalloproteinase activity (MMP-2 and MMP-9) in normal prostate epithelial cells, was determined by gelatin zymography, before and after peptide hormone treatment, as previously described (21) . The prostate cancer cells were plated onto 6-well plates and incubated until 80% confluence, after which the medium was changed to fresh serum-free medium with or without peptide hormones at a concentration of 10 -8 M. After 24 h of incubation, the conditioned culture medium was collected and stored at -80˚c. The protein concentration was measured by Qubit ® Protein Assay kit (Invitrogen™ Thermo Fisher Scientific, Inc.). Protein extracts (5-10 µg) were subjected to electrophoresis in a 10% polyacrylamide gel in the presence of 4% gelatin. After the electrophoresis runs, the gels were washed for 1.5 h in 2.5% Triton X-100 at room temperature. The gels were then incubated overnight at 37˚c in the reaction buffer and sequentially stained with Coomassie brilliant blue and destained in a solution of 10% acetic acid and 30% methanol. Areas of enzymatic activity appeared as clear bands over a dark background. The density of gel bands was analyzed using ImageJ software.
Real-time RT-PCR.
The prostate cancer cells were exposed to peptide hormones (Ang II, RLN2 and Ang II + RLN2) at a concentration of 1x10 -8 M, for 24 h. The total RNA from cells was then extracted using a Universal kit (A&A Biotechnology). The quantity of recovered RNA and its purity was determined by reading the absorbance at 260 and 280 nm. Reverse transcriptase was used to create cDNA libraries from mRNA. amplification reactions were performed with a lightcycler 480 Real-time PCR. The expression levels of investigated genes were normalized to two reference genes (H3F3A and RPLPO). All quantitative PCR data were analyzed using the relative expression software tool REST 2009 (version 2.0.13) which uses a hypothesis test to determine significant differences between control and sample groups. The software provides proper error propagation and robust statistical analysis by using a random reallocation algorithm with 2,000 iterations. The real-time RT-PCR primers and reaction conditions are presented in Table I (22) .
Statistical analysis. The data are presented as mean ± SD of at least three independent experiments. The measurements were subjected to analysis of variance (One-way ANOVA) and Tukey's test using GraphPad Prism 5 (GraphPad Software, La Jolla, CA, www.graphpad.com). Relationships were regarded as statistically significant at p<0.05. (Fig. 1A) , both peptides Ang II and RLN2 indeed improved the viability androgen-dependent prostate cancer cell lines. In androgen-independent prostate cancer cells, the results were unambiguous for example the Alamar blue assay showed a Table I . Real-time RT-PCR primers and reaction conditions (22) .
Results

Effect of Ang II and/or RLN2 on cell viability and proliferation of prostate cancer cells. In 2D cultures
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significant increase in Pc3 cell viability after treatment with Ang II, the MTT method did not. The stimulating impact of the combination of peptide hormones on cell viability was more evident in LNCaP cells than PC3. Treatment of prostate cancer cells with both peptide hormones induced BrdU incorporation into DNA during the S-phase of the cell cycle (Fig. 1C) . Ang II promoted cell division of LNCaP to a much greater degree than PC3, where the result was not statistically significant. In any case, no changes in cell proliferation were noted between Ang II and RLN2 used alone or a combination of both. The results of the 3D cultures (Fig. 1B) showed a similar trend to those of the 2D cell culture experiments (Alamar blue), although with less marked differences. Furthermore, the prostate cells were found to exhibit greater colony formation after 5-day treatment with Ang II and RLN2 (Fig. 2) , especially after exposure to a combination of both peptide hormones.
Effect of Ang II and/or RLN2, on expression of AR, BCL2, BAX, BIRC5 genes in prostate cancer cells.
The results of the real-time reverse transcription PCR indicated that relative BIRC5 (survivin) expression to be more than 6 times higher in the PC3 cells than in LNCaP cells (data not shown). The results present increased levels of BIRC5 transcript in RNA extracts from prostate cancer cells treated with peptide hormones (Table II) . however these results were statistically significant only in androgen-dependent cells. In both prostate cancer cell lines, expression of BCL2 and BAX was unchanged, the only exception being the LNCaP cells, which were incubated with Rln2 for 24 h. In this case, a poor but significant increase was observed in the expression of the pro-apoptotic BAX gene. The androgen receptor was expressed in both androgendependent and -independent prostate cancer lines. However, levels of AR were found to be more than 30 times higher in LNCaP cells than PC3 cells (data not shown). The clear upward trend in androgen receptor expression was observed in androgen-dependent prostate cancer cells after exposure to Ang II and/or RLN2, this tendency was not noted in androgenindependent cells.
Effects of Ang II and/or RLN2 on adhesion of prostate cancer cells. The LNaP cells that were suspended in serumfree medium adhered efficiently to fibronectin, collagen I and IV, but not to laminin. whereas the PC3 cells best adhered to fibronectin after 90 min of incubation, they adhered less effectively to both types of collagens and very weakly to laminin. In most cases, no differences were noted between the adhesion of the control cells and adhesion of the experimental group after 24-h incubation (date not shown). Prolongation of the incubation period to 48 h leads to increased cell adhesion in all tested variations (Fig. 3) . In LNCaP cells, much more adhesion to collagen I and IV was observed after long-term treatment with Ang II and RLN2 alone than in combination. However, the adhesion of PC3 cells were frequently intermediate (collagens) or lower (fibronectin) after 48 h treatment with combined ang II and RLN2 than the individual peptides.
Effects of Ang II and/or RLN2 on cell invasion of prostate cancer cells. Both LNCaP and PC3 cells have greater potential
to invade through Matrigel-coated 8 µm inserts in response to RLN2 and/or Ang II (Fig. 4A ). However, it should be emphasized that this effect was observed only after longterm incubation. Relaxin 2 exerted the strong impact on the invasiveness of androgen-independent cell lines, whereas in androgen-dependent lines, the most notable was Ang II. In both lines, the effect of combined RLN2 and Ang II was not significantly different than that of the individual effect of more powerful peptide hormone for this line.
Effect of Ang II and/or RLN2 on MMP-2 and MMP-9 secretion in prostate cancer cells.
All of the samples contained two prominent gelatinolytic bands corresponding to monomeric pro-MMP-9 (92 kDa) and pro-MMP-2 (72 kDa) (Fig. 4B) . Additionally, two slight complexes of MMPs (240 kDa and 130 kDa) were also observed in PC3 cells (data not shown).
The levels of both mmPs significantly rose after exposure to peptide hormones, the only exception being the sample from the LNCaP cells exposed to RLN 2, where no increase was observed. Furthermore, the results of the densitometry analysis of MMP zymographic activities show that changes of gelatinase A were more pronounced than in gelatinase B in the Effects of Ang II and/or RLN2 on anchorage-independent cell growth. The ability to exhibit anchorage-independent cell growth was observed in both prostate cancer lines. As shown in Fig. 5 , RLN2 increased the growth of both androgen-dependent and androgen-independent prostate cancer cells in soft agar. Furthermore, these results demonstrated that Ang II has no influence on the anchorage-independent growth of lncaP. In the case of PC3 cells, Ang II was observed to have a poor stimulatory effect which was not statistically significant. Results for combination of Ang II and RLN2 oscillated within the control samples.
Discussion
It is common knowledge that local hormones such as angiotensin and relaxin regulate a wide range of prostatic functions. Nevertheless, detailed role of Ang II and RLN2 peptides in prostate physiology and pathology is still not clear. The present study examines the common effects of angiotensin II or relaxin 2 administration on various aspects of prostate cancer growth and progression. The weakly tumorigenic LNCaP prostate cancer cell line and the aggressively tumorigenic PC3 cell line were used as models of early stage androgen-dependent prostate cancer and late androgenindependent stage disease, respectively. In this study, it was observed that relaxin 2 improved maintenance of cellular viability and proliferation of both the LNCaP and PC3 prostate cancer cell lines. These results confirm earlier studies showing that this peptide hormone promotes the division of prostate cancer cells (6) . Experimental studies report that greater changes of cell proliferation take place in the high AR expression cells (LNCaP) than low AR (B) The change in the level of MMP-2 and MMP-9 secretion determined by the gelatin zymography assay. Error bars denote mean ± SD whilst the asterisk shows significant differences compared to controls (mean ± sD; n≥8; Tukey's test: * p<0.05). Figure 5 . Soft agar growth for prostate cancer cells after incubation with Ang II and/or RLN2. Error bars denote mean ± SD whilst the asterisk shows significant differences compared to controls (mean ± sD; n≥4; Tukey's test: * p<0.05).
expression cells (PC3). Liu et al (23) noted that H2 relaxin induces the transcriptional activity of AR and the growth of prostate cancer cells through increased expression of β-catenin. Furthermore PI3K/Akt, factors of the wnt pathway, can facilitate H2-relaxin-mediated activation of the AR pathway (23). Vinall et al (24) report that the cAMP/PKA and NF-κB pathways play an important role in facilitating the H2 relaxin-mediated castration resistant growth of prostate cancer cells.
The findings of the present study reveal a significant increase in androgen receptor expression in LNCaP cells but an insignificant decrease in Pc3. some of the data generated in PC3 cells seem to contradict the conventional idea that the AR functions as a stimulator in prostate tumor growth and metastasis. For example Niu et al (25) noted that restoring AR in PC3 cells could suppress their ability to invade in vitro and in vivo. whereas Lin et al (26) hypothesize that PC3 cells possess cellular machinery that turns the AR in PC3-AR cells into a growth suppressor. In another study, an equally interesting observation is that RLN2 is negatively regulated by androgens in prostate cancer (in vitro and in vivo) through the AR, implying that RLN2 levels increase in the both the absence of androgens and their ablation (27) . It seems that this polypeptide hormone is involved in the mechanism of transformation from the androgen-dependent to androgenindependent state of prostate cancer cells.
Using a BrdUrd incorporation assay as an indicator of cell proliferation, it was noted that Ang II increased the DNA synthesis much more strongly in LNCaP cells than in Pc3 cells. our earlier studies found that ang II significantly enhanced cell viability and proliferation in both prostate cancer cell lines (21, 28) . Uemura et al (29) found that AT1 receptor mRNA was strongly expressed in LNCaP cells and very poorly in PC3, which may explain the better response of the first line to angiotensin II-induced cell proliferation. Our observation seems compatible also with finding of Pawlikowski et al (30) presenting that expression of Ang II type 1 and 2 receptors in neoplastic epithelium of Gleason grate 2 is higher than in more advanced cancerous structures of Gleason grades 3-5. On the contrary, Chow et al (31) demonstrated that Ang II dose-dependently stimulated DNA synthesis in LNCaP but not PC3 cells suggesting that only LNCaP has the functional state of AT1.
However, the above observation is contradictory to our earlier findings, which identified the presence of aT1 receptor mRNA, and the expression of its protein in PC3 cells. The angiotensin II type 1 receptor antagonist candesartan revealed that Ang II has a stimulatory effect on metabolic activity and prostate cancer cell division in PC3 cells (21) . This difference in the results may also be due to variables such as differences in type of antagonist, peptide concentration and time of incubation or differences in research techniques. The findings of the present study highlight some differences between the results of the MTT and Alamar blue assays: for example, the former showed a significant increase in Pc3 cell viability after incubation with Ang II (48 h), whereas the latter did not. Both tests measure the metabolic activity of cells but in different ways. The first method measures the mitochondrial metabolic activity in the whole cells while the second assay indicates the total metabolic activity (mitochondrial and cytoplasmatic) in the entire cell culture. It is worth noting that while MTT can be reduced by NADPH, FADH, FMNH or NADH, Alamar blue can also be reduced by cytochromes (32, 33) . Discrepancies between results from MTT and Alamar blue have also been reported by other workers in cytotoxicity studies (34) .
Many molecules are known to regulate and modulate the cellular pathways related to cell division and survival, among which are survivin (BIRC5) and members of the BCL2 family. BIRC5 is rarely expressed in most terminally differentiated normal tissues but is abundantly and ubiquitously expressed during fetal and embryonic development. Of note, survivin is up-regulated in almost all human malignant tumors and recently has been considered as a diagnostic and prognostic marker for human PCa (35, 36 ). An examination of clinical samples has established that the expression of survivin gradually rises from the low levels observed in normal prostate tissue, through low-grade primary carcinoma, to high-grade primary carcinoma, and is highest in lymph node metastases (15, 37) . As expected, a higher level of BIRC5 expression was observed in aggressive androgen-independent prostate cancer cells (PC3) compared to the androgendependent, non-invasive prostate cancer cell line (LNCaP) (data not shown). Furthermore, both Ang II and RLN2 were found to stimulate survivin mRNA synthesis, mainly in the LNCaP cancer cells. zhang et al (15) noted that survivin can mediate resistance to androgen ablation in prostate cancer via activation of the IGFR1/AKT pathway, suggesting that Ang II and RLN2 may play a role in the development of AIPC (androgen-independent prostate cancer) just by promoting the expression of BIRC5.
As the early stages of prostate cancer are typically asymptomatic and that the cells acquire motility, i.e. the ability to move to another location, this kind of cancer is very frequently fatal (38) . Migration of cancer cells is critically regulated by physical adhesion of cells to each other and the extracellular matrix (ECM). The present study examines the ability of prostate cancer cells to adhere to the major structural elements of the ECM, such as type I and IV collagen, laminin and fibronectin. our results are similar to those of Moro et al (39) indicating that carcinoma cells adhere to different degrees to various components of the basement membrane. As shown in the present study, extent of prostate cell adhesion was dependent firstly on the type of prostate cell, on the kind of protein matrix and finally on the duration of Ang II and RLN2 incubation. Nevertheless, after 48-h incubation, increased adhesion of both LNCaP and PC3 prostate cancer cells was observed in all tested combinations. Feng et al (6) evaluated the effect of relaxin 2 on adhesion of LNCaP and PC3 cells, but only to type I collagen. They observed that pre-incubation with different concentrations of relaxin 2 (0-300 ng/ml) resulted in a dose-dependent increase in prostate cancer cell adhesion (6) . The modulation of cell adhesion to ECM by angiotensin II has also been observed by other researchers (40) .
Prostate cancer tends to spread to either lymph nodes or bones (38) . During this metastasis, tumor cells must pass through structural barriers such as basement membranes. The matrix metalloproteinases are believed to be the most important physiological mediators of ECM degradation. Increased expression of MMPs has been observed in various cancers and many reports indicate their potential prognostic value in patients with prostate cancer (18) . The gelatin zymography used in the present study revealed that both prostate cancer cell lines secreted MMP-2 and MMP-9 into the culture medium. In controls, it was observed that PC3 cells secrete many times more gelatinase A and B than LNCaP cells, which certainly affects the differences in invasiveness of both cell lines. Our findings add to an increasing body of evidence suggesting that both Ang II and RLN2 play an important role in the normal and pathological remodeling of ECM in several reproductive tract tissues (1-3) . The results of the present study demonstrate the levels of gelatinases clearly grew after exposure to Ang II and RLN2, which is supported by the results of the Transwell invasion assay. These findings confirm that both peptide hormones can promote a more aggressive and invasive phenotype in prostate cancer via upregulation of MMPs. Feng et al (6) indicated a significant increase in invasiveness of relaxin-treated lncaP and PC-3 cells in the Matrigel invasion assay.
The cancer cells travel to new organs via the lymph or blood stream. Therefore, the next critical step in the multistage process of metastasis formation is the ability to survive and grow in the absence of anchorage to the extracellular matrix and their neighboring cells (14) . Our results clearly show that only relaxin 2 can induce a higher anchorageindependent growth and non-adherent spheroid formation of both LNCaP and PC3 cells in a soft agar medium. The angiotensin II effect, in this case, does not play a significant role, because the number of colony formation remains almost unaltered.
The present study is the first to consider the impact of Ang II and RLN2, alone and in combination, on prostate cancer cells. The obtained results confirm their influence on prostate cancer cells, in terms of cell viability and proliferation, cell adhesion and invasion. Nevertheless, the stimulatory potency of either Ang II or RLN2 when used alone was not found to increase synergistically/additively when both peptides were used in combination; the effects of both hormones in combination were most frequently intermediate between the two individual values or sometimes lower than both. The obtained results suggest that the investigated RAS and relaxin family peptide system may have impact on cell growth/division or spread at least in part via overlapping signal transduction pathways. Ang II and RLN2 may well play an important role in increasing the aggressiveness of prostate tumors by the upregulation of survivin expression and gelatinase secretion. Furthermore, it can be speculated that Ang II and RLN2 are involved in the transition from the androgen-dependent to the androgen-independent phenotype via modulation of the expression of androgen receptors. However, further studies are necessary to confirm this hypothesis and to elucidate the mechanisms involved.
